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(54) CALIBRATION DEVICE AND CALIBRATION METHOD. AND DISTORTION CORRECTING DEVICE AND METHOD 
THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To easily calculate distortion aben^ation parameters 
related to distortion aberrations. 

SOLUTION: A video camera and a ruler are installed in such a manner that the 
scale is entirely and horizontally projected on the CCD 1 1 of the video camera 
and that the optical axis of the lens of the video camera is perpendicular to the 
ruler. Further, the center point (dividing the ruler into two right and left parts) of 
the ruler is made to almost coincide with the center point of the CCD 11 of the 
video camera. The distance (m) between the images of two right and left points 
which are at equal distances from the center point of the ruler is calculated, and ^ 
a distortion aberration parameter (k) is calculated such that the equation (m)=h 
X L+k X h3 X L3 is satisfied, wherein L is the distance between the two points on 
the ruler, (k) is the distortion aberration parameter, and (h) is a predetermined 
constant. 
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l^^'tC^^aiilfcS 2o(O^Sr1^tti-rS^ttti^^i:. 10 

grlEifei*:<^^l'*3»tS 2 o<o,'SSr^ffii- 
5 r ^r^tSi: i-^IS^tg 1 tJ:|E^<^^-^ y ^ > a 

IE 2 o(73^S:;^fcH-r 5 r t -sri^® i: -r^ u;:iett 

flfllBja^^Sli. ^m=hXL + kXh^XL='Sr?^fc-r 
•^:«C)2oro^,wM<^EEfiSS:ffli'^T. Ff3^w^S^5:=ff 5 r 40 

t -r 5 =ar Y y y v^— •> 3 >';^fc 

X.. 50 



2oro^Srt^lttlL. 

-t<0 2oW,^wFB^(7)£6fiS^ffl'''>-C, Bff^wJt^Srtf ^ r 

iE^Bo 

^<r)2^(oj^(Dm(O^M^F^^^-c^ mi&<om9^i:n 0 :i 
S*itZl6^^7P< — ^^Srfflv>T. Stria2«fc5cPifl|OM^Sr 

[000 1] 

:^3SB is J: t/^f- -v' y y > a ^'Z^ffi. ^TJf ic^^ME 
3ge*3j;tJ«M^4tI*fejrMb, CCD 

(Charge CoupledDevice) ^ 7 (-*3lt 5 V;^CDMtt 

5 J; 5 =3f-v y y i^— 3 ^'iSBis iTjfdf^ 

10 0 0 21 

3L<Dlft#;}S. u>'X§riiCTCCD±»r*S^$ti?)r i: 
trj;"?, 2?)C7t<^PffiKf:il&»$ttS„ Ui'X 
7)5, i|XMro/iV\ v^i^^^5S^il^>'X■x?fci^^^, CCD 

CD±»cj^j5K$n'5^l4fiA//ct,roi:'S:?.o ti^oT, tf 

S^^bt 2Jijic5EPliai'i-^«!.ili:. ^(D2^7miSL^\^ 
v-XcoilxMi- b 755 o TSft -5 jo-s i: «|a-g"tir i: iEUt 

10 0 0 3] mi tf7':4-*p<7tr*3lt5 

10 0 0 4] ±iBb7tJ;5(-. t'T^:*-*^ 7t-*5»t5!^ 
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[0005] ^tfet^ttffii^^Sr^T^/HtiL-T 

[0 0 0 6] BP*,> SsS^^x^w*, r^m^^^JjiJ t 
rU'>'Xlt2St±-5Mi^^J i:T'«^$ix5j5»fe, 1314 

mm.^-^^. niSi¥!iii^<r>3^7tm^^~^^^^:^t 20 

[0 0 0 7] tie-o-C. it^$nfc2)!>:5tPI«^/{i»'b. >Et* 
i^fr<D3 2>C7E.fl^^^i-r— ^5rW5tCf4. Ui^XiR^z-s^ p< 

[0 0 0 8] ;irT% ^icii, :^^<3J^ 

[0 0 0 91 Ui'XiCllfeyN^;^— ^l±. JiaEbitJ:5 
2iC7Cpi^) ^Sr, 7cro3?kjE^ffi»::*5tt^^^'^^*:l-«7£ 

e<}'^c2^^^7£H«^^::-r-5t#lifflv^c>^^^„ ^lt. 

10 0 10] tZ^X\ U^X<^l{XS{i. ^COI^VX}^ 



i^BSqzi 0-2 5 3 4 9 9 

4 

loo 1 1] I^x^<7^:s^-^t:i-ov^-c^±, e^ij^tf, 

ffeng, Juyang, Paul Cohen, Marc Herniou, 'Camera Ca 
libration with Distortion Models and Accuracy Eval 
uation', IEEE Trans. Patt. Anal. Machine Intel 1. V 
ol.l4, No.lO, 1992 (WT. XWilt^'^j) 'iifJC, ^ 

[0 0 121 \y>:^l\SLm<r)'pX-±fJ:h<Otl^Xfi. u>' 

X<Oig*l|XM (radial distortion) CCD<73§^ 

[0 0 131 U^'XtOMftUXl^li, UVXlR^e^cfT-* 

3t#A-^SS:*t*[6]'-(DiEEil^r i:-t-5i:> Si®u:^Xj:: 
i5«t. mgwuv-X (HftUxMSrW-rs^vX) t;:: 

[0 0 14] 

Wl=kaxra+l^xi«+k7xr7+- • - 

• • • (1) 

t;::-e. ka. kc. kr. • • • 
[0015] ^ ( 1 ) Jrt5V 5 ^>cE;l-hOi«iik:(^titt 

kafcb, Ifeco-rnr djJSi!>C*-C^55*t5t<OfcL-C& 
5o 

[0 0 161 
[1^21 

rd:a:kxr3 

• • • (2) 

[0 0 171^(2) {C}3V>-C, k<0*fclik>0<73 
015 (A) *fcttiai 5 (B) ic^n^' 

[00181— CCDWS)tffif-*3«tSJt#W-fn 
(3t^*'C'' (optical center) ) «rii*)s U>'Xffi 

¥ffi) i:Sii::^l6)«of4;4^ ^^ffic^^-'ilN Sn*>, CCD 
5o oit), SJilL'i'X-CH, ^^;»SS^ffi<04''LNSril 
U'>'X*3j:t/CCDi6W'>i^h$tu-5 4:l4PIf)!'i 
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10 0 19] lai 6 11. mm\^:^^\^^^f^i^(D 
[0 0 2 0] affluvx-eii. ^(o^mxti^^ ccdoo 

h'rthx\^^^m^\a't. mm(Du>':x<D^^^^L-\±^ m 
t(Di^.^.p* (mm\^:^^^xmm<Do^x^'mi!^) > 

[0 0 2 21 U'VXi|X^>'<^7«— i^COte. #li^0::«7^^ 
iX3>^ (camera calibration) ^P9^li^^. 

[0 0 2 3] 9=^"^ y v^V^^v'a ^ft^ 
Mxitf. 3»i7^^m\c:i6\f^iiLm(0^/}^oX\^^^M 
^^{*:^ti^b. ^(7:)^*t#?>n^2]5fe7u®^l±^ffi« 

^^-^{1. fi?iJ^li. 3^>c:7t^FBl(c::fcNt^x**^^^*:S:> 
^^^y^>'M^bfc/)5oT2?k7£®^t-32mb. -?:0O2»c 
TcW^i:. ^^Jc«^^tifc2»:7cW#^^S:itl55L. 

[0 0 2 4 J Ell 711. ±aiOJ:5>i;^7 7«^^'y y 

[0 0 2 5] Z.(0^^}):/U--i^Bl^i^y^'r2>sX'\±^ 

[0 0 2 6] int. tf 7^::^;?; 7< 7 111. =3E^^yyu-> 
Bly(Dn^tf^r>X\^^\^^'^10 :^'7X^ j^f^OM^I^ 

2»:7c;Bl^S:itt!igB3 4 
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[0 0 2 71 —:^. ^^:^tiy^=7 \\^^^XWL^^i\^X 
3»C7tJ^)K7^-^. ^bl^tl. *f^^fls:S:«^bfci:# 

;^95 3 1 t::A;'3^ti^o A;'^a5 3 i l^A;^$nfc1t« 
H. @«^^^jftgB3 2lc>gt^&$n. ^^Tll. 3^k7C 

10 t;^ct«9. *f^^{$:Sr@^SM^^^bfc:fi^co/^VN2^ikS 

[0 0 2 8] M^Sp3 3t;ifl. ^<V^—^Wt'& 
gP3 5 7!)^bU>^Xlt5m/'^^^--^;65^7i$$tt^ J; ^i:^?"^ 

3 2;5-b0 2^7t®^«:M^-^. ^(D^^^te^n^ 215fe 
5m^ (J^T. igU. Sr. tt:«fisa53 4 

i::m;^ji"^o Jte5a5 3 4T-H. tf7':^;e7 7<^l;!>=*e><7)2 

7<-^lS:^gB3 5 0«^^«:j^?)aSb. 0f&(DB|{eEATi: 
?io^t#lr*3tt6i^vXiR^-^<7P«— ^f^f:^:^ 
^91 @^co>b<:o<b bTtii:ti$tt^o 
[0 0 2 9] JeJl±(DJ:5?i^^y:^^'-->^3>^^>^7^^ 
30 A:^tB3 1 tc:A:^f^?n^. if -r p« 7 i <7:)^« 

-^ffi*. 3^!fe7c?gIR7^-^^^8^ll?55*>^*&. 

\\ Z.(OW^^ lEm^c^u^^XiDi^^^^T*-^ t#^r:ii 
f)^X^tl:<fj:ht^^. b'-7^;r;^>^ lc7)>KB^>(at. 3 

^. ^^5l^t::^3V^TH. t'T^:^:^^ ^ l <^{iB^ffl#. 3 
[0 0 3 0] trx::d-:3t;p<7<oiS:B-^^»#. s^ctcA^jR-t 

1-^. Roger Y. Tsai, "A Versatile Camera Caribrati 
on Techinique for High-Accracy 3D Machine Vision M 
etrology Using Off-the-Shelf TV Cameras and Lense 
s", IEEE X Robotics Automat. Vol. RA-3, No. 4, 1987 

[0 0 3 1] 

50 X^fi^'Lf^t^h. iE?fc^iu>'Xi|X||/^7;^— ^S:. fBf^^i 



(5) 



[0 0 3 2] ±aiLjtJ; u>'XijxM^-?7P'-^<k 

[0 0 3 31 BP*>, roi^tSfett. X-A^>Lfct#W 
ft^^iX-AT"? ^•Lfcfc^«OR|g«ai:^:*3^^T. fit 

awtfjTi^'i'' (X— A(Dtf.C-) . r.co,^,;45, 7t 

ftSW^SBtrtiS-rs tv>9t4K^fi|fflUfc'bo-t?, X— lO 

[0 0 3 4] JiC*3, X-AC04'.ij.$r3R*5*telwMbT 

f±, mm.m. miEm. ymm. m^mmc^: 

•5i^B^75^b<7)X-y^{«^«W-ffiiJj , «T-iSaiim* 
^**^B:»c# (1 9 8 9^) »:iJoV^r. X— A«:SrgS 
XL-ca^ U7t 2 *fc<^PI^;5^ ^ X— A 

T/u=ry XA;)SfH«$ixrv^5» 
(0 0 3 51 iiSilx^i;:iBai-S/-'7p'-i5'lwOV^ 

[0 0 3 61 ;lcr)i5'5^ttia^^:^E^XJfc$i^ 

[0 0 3 71 

[SIS«:«ft-t-2.fci6(D#Sl ii*^ 1 (c:|2«J(7)^-y y 

^^tb^^lri i9Mtl3^nfc2o(D^WPB^WlE«tSrffl 
[0 0 3 81 i»*«5tC|E«<D^-r U:?'^— 

[0 0 3 9] lt*3S 6 t;ifE^cD^;?^MEigai4, 

2-o<7?^S:^^mb, •ew2ow^«ora<0 
[0 0401 fS5|t^ 7 triE«cOfii^ttjE:^j£W:, 3tfl;^ 
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0^,S:1^l±5b. -?:«0 2o<D;^eD^1c0SgBS$rfflV^r, BfS 

[0 0 4 11 if*iiiiwfam<D^-r y ^'U'-i/g 

S»±, <^ffi#^(;ii'3:^W$4X3t2-oW^(OW<OEgilSr 
fflV^T, f^fSwSI^Sr^f ^rtlcJ;!?, 5i*i|3i^^<7;»< 

[0 0 4 21 iS*ii5le:|E«4(r5=3r^y-/U— v'aV'^-ffi 

[004 31 f»*« 6 <rSE«roMi^E3iej^*3V>-r 

/■?7P<— ^5'=£rfflV>-C. 2?>c5EPi1^W^^^4ijE-rSJ; 5 

*fel±lb. ^c0 2o(D;S(^PB^<73SEilSrfflV^T. Bf^oSI^ 

[00441 if 7 \zwM.<omyt-miE:)3m\^^\^x 

»c4>-5 2o<;?;^,Sr«^ttib, 2ow^roraroffiStS:ffi 
(004 51 

[0 0 4 61 SflxfiLfcJ;9»-, wvXlR^irbTta, Si 

fc2 2):7c!ii^A^?j, ^m(o-m\^x^<(sLmK!&m-r^m. 

^Srl^^ (4iiE) ^roK5*^W2J!>c^pififcSrfflv^5 

[0 0 4 7] hA^h^ifiih. r.rr-|±. 3tft<7)-ftttwJ; 
•5lIX^lC®H-r53i^, fin*>, W'^'Xrojfett*^ CCD 
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10 0 4 8] fiP^>. El 111, u>^p:<oytnt*^ccT>(o^ 
[0 0 4 9] iai{rjoV>T> s^fflu^-x (ig^iti*) (D 10 

[0 0 5 01 Bii-eti:. mmi^>^^tm\^<r>u>^ 

[0 0 5 1] »±(DJ: 9?'^S«^'>'X^oJ:ti^Sffll«)/.cc 
Xj3 J: tl^^BgO C C D *jSa^-&fc)"frfc3IK<05t^^lc*5 

^tim0.^n^o r<7?4&^^riov^•r. ^^pirst^fi^Jt^c 

[0 0 5 2] ±aibfc<t m^.(Dccr>n. mm^ 
/.^ccDtr^ri-b-c. ^mQrz:nm^^x\^^^(7^x\ a^u 

hetfJ:^o t*oT. »c<^^ (3) *3J;TJ^ (4) 

[0 0 5 3] 
[«3] 

• • • (3) 

[13:4] 
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tang+tan0 _ f f 



l-tantf tan^^ 



^ f f 
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10 0 5 5] 



r'-(A+r) 




-A 



• • • (5) 

[0 0 5 6] ^oX. ^^(O3t^5fi{rJ:«j0fiS;$tt5te 
^-rS-rns d (= r ' - r) tt. ^ (6) tc:^-r<fc 5 
[0 0 5 7] 

[f^e] 



f2 



(6) 



[0 0 5 8] ^ (6) />^(b. m^s(Dyt^M\^x^wm^ 
ns<^ti. v'^\zitm\^Xs ^iif^i^-:&iS]ic-r*T.sr. 

[0 0 5 9] t¥oT. 3ttt<^?"ftt^^:J:SiIxM(c:J:tLtf, 
[0 0 6 0] ti:i3, BI2 (A) II. C C D<7:nf 'L^^,iC*^ 
EI 2 (B) l:i. CCD<Dff»ii>^l3:*fUT^*r«^<7:)^aBlw 
[00 6 1] r^-e. mK.\i. Mj^^m (f ) ft^l Om 

m. (A) t^O, ImmO)^^ -feO-Ttt s d 

[^7] 



103 



... (4) 

[0 0 5 4] ^ (3) (4) (Dj^m^O bli^L 



• • • (7) 

[0 0 6 2] &sAi(OXo\z, *tt(DrixlwJ:5ilXlllwJ; 
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^tWco-rni;:: J: h U^t^ o T t> ?i < T h^it b /^l ^ 

10 0 6 3] ti&oT. mm<r>%^m^i^\i'^x. n^oc 

(UAT. ^1. l|2 60^£g«fl,^.<?::V^5) 

[0 0 6 4] m^\t^ m^\^^'t^b 10 

tc. \fT':ti3^y W^^oX^ 7K¥i^ev^/ct(0$b2 

^mt^h. yf'f^^tf T^'y l\^-^\^X(om.^)i;p.^y<'7 — 
[00 6 5] STx tr7^:^:Jt;;?«^ l^)^lit>c^$U2C0 

El4{c^i-J:5J-. tfv^^;&7<^ K^CCD 1 1 20 

2 5)-rS;S) 755. tr7^:^;&7^ ^ l<^CCD<7>4''C>^^c:— 
a■r^ 9tri-:5 (^5l^-g:bTV^tLtfSV^) o 
[0 0 6 6] /c^*5. ia4{w*5VNTI±. t(D$b20S^ 

^l.2'^X(D^m^ zX\ CCD 1 1 ±\^^^^^fz.h 

i^^b-rv^^o 30 
[0 0 6 7] t:i^X. ytnx' ;5St>(^$b2lr*fb 

X. 3tttx* yi^h<oi^\.2\z.s^vxiEm\^mmx^^m 

0;55^HbTV^^^4T-fO£6gSSr%;t. ^(D^m^oX 
SbTV^^o 

[0 0 6 8] r::-e. er^OXtJ:<Xh. BP"^. 3ttt 
X* ;!ist>0$b2{c??l-br. IE?il^SSi:^^^oTV^?t?< 40 

[0 0 6 9] UlSfl. Bl±(/:>J:5J3:tf-r:^;i7p'^ l ^IS 
^bTt><^$ b2^«^bfcm^<D, CCDll±lC?i^ 
b2co^S:^bTV^^o 
[0 0 7 0] l^iaJ3:*3V>-cii. t<7)*b2ic:. ^KPHr- 

fflb-cmi:J5J:t/m2(7)^SgK.^.S:t#^^-fn(i. ^1 

if6xx/m2<Dmmmi^<om^. 4^>:/M^^^tfi^x so 



(007 1] ISfcJc:, Elsiw^bfcJ: CCD l 1± 

\zh<o^i.2<Dm^m0.^nti'^mx\ h(D^i.2(D^ 

sL\^. (rrr-Ii. tcD$b2Sr2^>-rsf4Bl-fc^S^ 
D) 75i-b£*t-^SggSt-fc5 2o<0@ffi9<7?»(^{fir® 
Sr. ®l*3j:tJ^||2(D^IEgg|;Si:b-CfhiBlJ-r^*i-g't-:l3 
V^r. CCDl 1 t::*3(t^*/hWil:illi^T-fc^7!>^b. 

<ommf&^nx\^^^mM<oitLm:^nm\^ti(ox 

[0 0 7 2] BPt>. 06 (A) tCO$b2CO^;5^ 
CCDl l±(^:?^^$ttTV^5«^S:^bT:}et). MS 

(B) Jl. ^(7)S^t)#ffico^S'J£:^b:rct>cD^^bT 
V^So 0 6 (B) tC:^bfci*&^ttilf*Sr^bX:iB 

So 

10 0 7 3] b2<Dg^^9#5fi<D^;65?l^^ 
^tiX\^^^m^m<Dn&^^M::<:>\i^X. lae (O ic: 

x}^'-^mt\^^o) Sr. mmw^^^j:^(DmmfY 

[0 0 7 4] «±<^i5trbT. Bffi!9<75«^<^^aLe. BP 
t.. mi:fc^J:r>*m2<o^KEB6^<7)ffiB«r5}^«>fc^tt. t 

[0 0 7 5] c::t% m4: tm^(r>m7\:i^'f'^b\^s 

3t$ftX' ;55t<^Sb2i;i*fbT. iE5feiraii:ic*oT*5 

?^-r. t^oT. 3t#X' 7!)5t<:o$b2lc:^bTjE5gir^ 

-&trioV>T. CCDl l<D^'t-M.Oj t-, ft$;55L<0 
*>(7?$b2Sre$Lii:L2tir2:5^-rS^>L' (DiSim^ 

^ L 2 * L 1 y£ It BStlfc^ A * II B <0«^ Ji^^ ^ n 

[0 0 7 6] *ib\ El7^r^oV^T. ^fe^^^'lJ^Oi: 
t<^$b2(O^L* ;&=^?>Liyc«t8ttt;rc^.B<!:^^A>yc 

t<oSb2(^>^.L' ^^fjL^/cltgfinfc^Air^^Ayfc 
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Sr. ^tt-^ix«LTl^5„ C C D 1 1 TJ^fjJt^tf 

[0 0 7 71 wOTii^x «fr-tiX-?tl»JloV'' 

[0 0 7 81 
[fc8] 
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tan 5= -J- . tani^ = 

• • (8) 



-X- , tan#=-|- 



[0 0 7 91 ^ (8) (9) *3j;tJ« (ID) 

[0 0 8 01 

Li +8 



• • • (9) 
[1^1 01 



-tan^ lan^^ ^ r 6 

^ f z 

• • • (10) 

[008 ll ^ (9) *5J:TJ« (1 0) Litt, 

[0 0 8 21 
[^1 11 

r(zg+eg) 
^ fz-re 

• • • (11) 

[0 0 8 31 ^ (8) ^(12) *3J:V 

(13) tJ*3t-t-5. 
[0 0 8 41 
[|gCl 21 

tan(^-^l)=-!^ 

• • • (12) 
[fCl 31 

_r e_ 

tang -tan ^ f z 

f z 

• • • (13) 

[0 0 8 51 ^ (12) 33iV (13) LaJi, 

[008 61 
[%1 41 



, r(22+eg) 

■-2 — 



[00871 ^ (11) *5J;r/ (14) CCDl 

L (=Li+La) »C*-C^$n5o 
[0 0 8 81 
[Sfel 51 

r(zg+9g) r(zg+e2) 2r(z^+e2)fz 
fz-re fz+ro f2z2-i«e2 

• • • (15) 

10 [0 0 8 9ltJfo-C, I e I 755z tttl^b-CfcSaa/h 

[0 0 9 01 m^\-i. f = 10 [mm] . 

z = 5 [m] , r = l [mm] t LT. e=0(r>Ws^il 
e = 5 [cm] <0^i:-e. C C D 1 IfdJi^^ S tlfc^ 
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i^>':?'/u^.tttBgBi 3/i^bSgfei, ma, • • 

5o 

[0 10 2] BP-^, ^T^i'T'S 3-eil» mi ( i = 1. 
2. • • •. N) i:hxLi+kX (hXLi) ^tOffl 

^■57 — k i4S*»6 e>4x5o 
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tt. u>'Xi 2<733t$ft7JK t<73$ b2»c:*l-U-C, 
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[0 1161 ^r-e, fi*it5iS''<7>-i?wlSctaic*>fc 
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t*?-C#5, 50 
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L 2 SrlS^-f- 5 - t t> ^ X. n 5o 
[0 1191 Jt*J, 012 (A) -^0 1 2 (B) KiSif 
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'b(D^5b2S:4t!^b, ^O'f'^/S^^ej. fc:fet::^IEfiiti 
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bfc/4S. 7K¥J-©A^HTV ^;ii^^«<o t <o $ b 2 Srffij^ 

^l*3j;tJ5M2 0^EgBl^f: bXtfiV^, BP*,, >b<0$ 

b 2 tt, '>/j: < i: t , ^m^n L^xm^mmz., *>o, 

CCDl l±04'-ij.;irA-ib,^C^?^^'iffi!;B#£li, t<75$ 
b2W{a7)sj^^$n5±5ti«^i-mia<, 
•g-, CCD 1 l±ro'^-L^/S#)£^r^J5S?^^$^^TV^S'b 
<D $ b 2 ±<r>mzM hXi^mn)f^^J:U1S.<r> 2 ^<r>^<r>iSL 
Sr, ^l*3j;t/||2(7)^ggfiS/^,i:i-5ii:/»5T-#S„ 
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[0 12 41 ^h\^. ^■mm.(r>wmx\-±. ^n^mm^ 

irb-C, CCDSrffli/^-5 J; 5l-bfc;i5, cCDJSA^ro^fe 
[01251 
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[016] aSi^>^:^t-iS)g^<7)1iT'^. 7fe$S<^Tix 

[017] ^ejRcO^-V' y r/U— v'g >v^;^7=^A<7D— 0IJ(D 

1 fcr'x^:5&7«^. 11 CCD, 12 

13 -y-^'T'/U^^fflliigP. 14 iS^eP. 15. 
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Paragraphs [0013] and [0014] 

[0013] The radial distortion of the lens is the largest 
aberration among lens aberrations. This is caused by lens 
distortion. In general, lenses having a shorter focal 
length, that is, a wider angle, cause larger radial 
distortion. The radial distortion is isotropic in the 
radial direction from the optical axis. When the distance 
in the radial direction from the optical axis is determined 
as "r, " the difference "rd" between the image formed by the 
ideal lens and the image formed by the actual lens (a lens 
having radial distortion) is approximated by the following 
equation: 
[0014] 

[Expression 1] 

r^/ = ^3 X r ^ + X + ^7 X + • • • 

(1) 

where IC3, ks, k7 • • • are parameters on radial distortion 
(radial distortion parameters) . 
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